The main purpose of this study was to quantify the absorption of nutrients derived from carbohydrate assimilation in a model experiment with catheterised pigs. A low-fibre (LF) diet based on wheat flour and two high-fibre diets with added insoluble fibre from wheat bran (HFWB) or soluble fibre from oat bran (HFOB) were used. The diets were offered as baked rolls to three catheterised pigs in a 3 Â 3 Latin square design. The pigs were surgically fitted with catheters placed in the portal vein and mesenteric artery and with an ultrasonic flow probe attached to the portal vein to monitor the blood-flow rate. The pigs were fed the diets three times daily and portal and arterial blood samples collected twice weekly up to 8 h after the morning feeding. Glucose, insulin, lactic acid (LA) and short-chain fatty acids (SCFA) were determined on the samples. The baseline level of glucose in the portal vein was about 6 mmol/l increasing to 10±11 mmol/l 20±30 min post-feeding with no difference among the different diets. Portal and arterial insulin mirrored portal glucose concentration and was also unaffected by the dietary composition. The net absorption of glucose (per 24 h) was: diet LF 4190 mmol; diet HFWB 3050 mmol and diet HFOB 3190 mmol corresponding to a recovery of 0´76±0´92 of ingested starch. The levels of LA and SCFA in the portal vein were relatively constant in the postprandial period. The net absorption of LA and SCFA was in the same order (749 and 720 mmol/d respectively) with diet LF, while LA was lower (384 and 582 mmol/d) and SCFA higher (738 to 891 mmol/d) when feeding the two high-fibre diets. There was a higher molar proportion of butyrate in the portal vein after feeding the high-fibre diet supplemented with oat bran as compared with the wheat-based diets.
in the gastrointestinal tract, the amount and type of carbohydrate potentially available for fermentation can be modulated through changes in the dietary composition, which will influence rate and amount of SCFA produced. The declining SCFA concentration from the caecum and proximal colon to the distal colon in monogastric animals and human subjects (Cummings et al. 1987; Topping et al. 1993 ) suggests a rapid absorption of SCFA from the gut lumen (Fleming & Arce, 1986) .
Other products of fermentation include lactate, which is an intermediate in starch breakdown. Lactate is found in the human distal ileum and caecum (Cummings et al. 1987 ) but does usually not accumulate in the colon of adults. In other monogastric species like the pig, however, significant quantities of lactate may be found in the stomach and small intestine (Argenzio & Southworth, 1974) .
Carbohydrates are not only assimilated and provide energy to the host. Due to the cell wall structure, NSP may influence the rheological behaviour of the lumen content (Ellis et al. 1995) , thereby influencing rate and extent of starch digestion, blood glucose and insulin levels and satiety (Jenkins et al. 1981; Blundell et al. 1994; Ellis et al. 1995) . The most notable effects have been related to soluble fibre sources (Jenkins et al. 1978) .
Since the direct measurement of the rate of nutrient appearance in the portal vein of human subjects is not possible for ethical reasons, most current human data are based on qualitative rather than quantitative data. However, because of its size and temperament, the pig is suitable for chronic catheterisation and can be used as a model for man for studies of the quantitative absorption of nutrients from the gut (Ellis et al. 1995; Lang et al. 1999a,b) . The main purpose of the present study was to quantify the products derived from carbohydrate assimilation of wheat-and oatbased rolls, using catheterised pigs. The pigs were surgically modified by the insertion of two catheters in the hepatic portal vein and the mesenteric artery and an ultrasonic blood-flow probe attached to the portal vein to monitor blood-flow rate. The experimental diets comprised three types of bread rolls that provided two dietary levels of starch and dietary fibre (DF; NSP + lignin), and three levels of carbohydrate for fermentation in the large intestine. Diets with the same plant materials were studied in experiments with ileal cannulated pigs and the results from that study were used to quantify carbohydrates digested in the small and large intestine (Bach Knudsen & Canibe, 2000) .
Materials and methods

Experimental diets
Three diets, a low-fibre diet (LF), a high-fibre diet with wheat bran (HFWB) and a high-fibre diet with oat bran (HFOB), were formulated to provide about 20 % of energy from fat, about 19 % of energy from protein and about 61 % of energy from carbohydrates (Table 1) . The diets were formulated to provide the same levels of fat, protein and carbohydrate but with variable starch:NSP ratios. Oat bran, with a high level of soluble DF in the form of bglucan, and wheat bran, with a high concentration of insoluble DF in the form of arabinoxylans, cellulose and lignin, were used to raise the DF level. The diets were offered as baked rolls and were produced from wheat flour (Valsemùllen A/S, Esbjerg, Denmark), wheat bran (Valsemùllen A/S, Esbjerg, Denmark) and oat bran (Kungso Èrnen AB, Ja Èrna, Sweden) as the plant materials, and casein (MD Foods, A Ê rhus, Denmark), egg powder (Danñg A/S, Roskilde, Denmark), soyabean oil (A Ê rhus Olie A/S, A Ê rhus, Denmark) and lard to balance the protein and fat level, and a vitamin and mineral mixture (Lùvens Kemiske Fabrik A/S, Vejen, Denmark). The raw materials including the vitamin and mineral mixture were mixed as a dough and baked into rolls (Viborg Tekniske Skole, Viborg, Denmark).
Animals and feeding
Crossbred female pigs (Danish Institute of Agricultural Sciences Swine Herd, Foulum, Denmark) with an initial body weight of 25 kg were used in this experiment. The pigs were surgically fitted with two catheters, one placed in the portal vein (1´25 mm internal diameter; Tygonw, Cole Parmer Inc., Vernon Hills, IL, USA) and the second in the mesenteric artery (1´00 mm internal diameter; Tygonw, Cole Parmer Inc.), and with an ultrasonic blood flow probe (14 mm; Transonic System Inc., Ithaca, NY, USA) around the portal vein. A flowmeter (Transonicw T201D flowmeter with P-option; Transonic System Inc.) was used to monitor the blood flow. After 10 d recovery, the pigs were gradually introduced to the three experimental diets and fed each of the diets during 1 week in a 3 Â 3 Latin square design. The rolls were cut into pieces, mixed with water in the proportion 1:2´5 (w/w) and fed equal amounts three times daily, at 07.00, 15.00 and 22.00 hours. The daily feeding level was 1200 g DM the first week, 1300 g DM the second week and 1400 g DM the third week. Portal and arterial blood samples were collected twice weekly at 210 and 0 min then at 10 min intervals up to 120 min and then at 30 min intervals up to 480 min after the morning feeding. The blood was collected in heparinised plastic tubes and centrifuged (3000 r.p.m., 10 min) to separate the red blood cells from the plasma before glucose, insulin and LA were determined. Whole blood was used for SCFA measurements. Glucose and insulin were determined on all samples, LA on samples taken at 30 min intervals until 120 min post feeding and then at 60 min intervals, while SCFA were only determined on samples taken at 60 min intervals. To prevent obstruction, the catheters were gently rinsed with heparinised saline every day throughout the experiment. All aspects of the protocol were approved by the Danish Animal Experimental Inspectorate, Copenhagen, Denmark.
Analytical methods
The diets were analysed in duplicate for DM, ash, protein (Kjeldahl method), fat (HCl±fat), low-molecular-mass sugars, starch, soluble and insoluble non-cellulosic polysaccharides, cellulose, soluble and insoluble mixed linked b(133, 134)-D-glucan (b-glucan) and Klason lignin. These methods are all described in detail by Bach Knudsen (1997). SCFA were extracted from whole blood by a modification of the method of Reynolds et al. (1986) and the content quantified by GLC as described by Kristensen et al. (1996) : 2 ml blood were added to 4 ml water and deproteinised with 4 ml 0´15 M-Ba(OH) 2 and 4 ml 0´20 M-ZnSO 4 . After centrifugation (15 000, 20 min 48C), 10 ml supernatant were passed through tandem ion-exchange columns (AG50W-X8, H + form and Bio-Rex 5, OH 2 form; BioRad Laboratories, Hercules, CA, USA). SCFA were eluted from the Bio-Rex 5 column with 10 ml 10 mM-NaOH and an internal standard was added (500 ml 1´0 mM-2-ethylbutyrate). The eluate was dried in a vacuum centrifuge (Heto VR-1; Birkerùd, Denmark) and reconstituted in 0´75 ml 0´25 M-HCl±0´03 M-oxalic acid mixture that was prepared from 2´7 g oxalic acid and 20´8 ml concentrated HCl/l. The plasma levels of LA were analysed by means of specific enzymes (Gawehn, 1984; Noll, 1984) , glucose by a glucose-oxidase kit (Trinder, 1969; Boehringer Mannheim GmbH, Mannheim, Germany) and immunoreactive insulin in accordance with Tindal et al. (1978) .
Calculations and statistical analysis
The net absorption of glucose, LA and SCFA were calculated from the porto±arterial differences and the portal flow measurements by Re Ârat et al. (1984) using the formulas:
where q is the amount of nutrients (glucose, LA or SCFA) absorbed within the time period dt, C p is the concentration of nutrient in the portal vein, C a the concentration of nutrient in the mesenteric artery, F the blood flow in the portal vein and Q the amount of nutrient absorbed from t 0 to t 1 . The net daily absorption of glucose, LA and SCFA was calculated as three times the measured net absorption over 8 h.
The recovered glucose and LA in the portal vein were converted to carbohydrate equivalents by the factor 0´9 and SCFA by the factor 1´587 assuming that 1 g fermented carbohydrate is converted into 0´63 g SCFA (Cummings, 1993) .
The digestion of starch in the small intestine and of carbohydrate in the total tract were calculated from the daily intake and corrected for the average ileal and total tract digestibilities obtained for the individual diets by the method of Bach Knudsen & Canibe (2000) . The production of SCFA (P-SCFA) in the large intestine was estimated as:
where DCHO I-F , DLA I-F , DRES I-F and DN are the disappearance of carbohydrate, LA, residue and N from ileum to faeces expressed as g/d and SCFA C2-IC4 the proportions of acetate, propionate, butyrate and isobutyrate in digesta materials. It is assumed that the residue, like carbohydrate, yields 0´63 g SCFA per g carbohydrate and that 1 g fermented protein (NÂ6´25) is converted into 0´30 g SCFA (Macfarlane et al. 1992) .
The blood-flow rate, portal and arterial glucose, insulin, LA and SCFA concentrations and the hourly net absorption of glucose, LA and SCFA were analysed as repeated measures and the daily net absorption of glucose, LA and SCFA by a Latin square design (Snedecor & Cochran, 1973) . All statistical calculations were done using a SuperAnova package (Abacus Concepts, Berkeley, CA, USA).
Results
The oat bran used for the HFOB diet contained more fat and protein than expected, causing more fat and protein at the expense of carbohydrate in the HFOB diet as compared with diets LF and HFWB (Table 1) . In all three diets, however, the level of NSP was as planned: 59 g/kg DM in the LF diet and about 110 g/kg DM in the two high-fibre diets. Most of the increase in dietary fibre with diet HFWB was in form of insoluble components (cellulose, insoluble non-cellulosic polysaccharides, and lignin), whereas in diet HFOB it was in form of soluble components, primarily as soluble b-glucan.
The blood flow rate in the portal vein was not influenced by the dietary treatment but varied with time after feeding.
The flow was about 1´1 litre/min before feeding (210 and 0 min), increasing to 1´4±1´5 litre/min 10 to 60 min after feeding, after which it gradually decreased to the prefeeding level (data not shown). The average blood flow was 32´5 ml/kg per min.
The level of glucose was about 6 mmol/l in the portal vein before feeding (Fig. 1) . It increased to 10±12 mmol/l 20±30 min after feeding, while in the following 90 min it was in the range 8´5±11 mmol/l and then gradually declined approaching the prefeeding level at 420 min. The level in the mesenteric artery was about 5´5 mmol/l prefeeding and peaked 20 min after feeding with a value of 7´5 mmol/l. In the remaining period the level of glucose varied between 5´5 and 6´5 mmol/l. There was no dietary effect on the level of glucose in either the portal vein or the mesenteric artery.
There was a decreasing net absorption of glucose with time after feeding P , 0´0001Y whereas the dietary effect was not significant (Fig. 2) . The net glucose absorption amounted 256±278 mmol the first hour after feeding, 210± 287 mmol the second hour, and then it gradually decreased to 18±54 mmol/h the last 2 h before the next feeding. For all diets, 0´72±0´74 of the glucose was absorbed within the first 4 h.
The daily net absorption of glucose amounted to 4193 (SEM 400) mmol with diet LF, 3049 (SEM 327) mmol with diet HFWB and 3191 (SEM 264) mmol with diet HFOB P , 0´05X This corresponded to a portal recovery of ingested starch of 0´92, 0´76 and 0´85 for diet LF, HFWB and HFOB respectively.
The portal level of insulin was 8 mg/l 10 min before feeding, 19 mg/l at feeding and then increased immediately to 30 mg/l 10 min after feeding (data not shown). A level of 35±52 mg/l was kept the first hour after feeding, after which it gradually declined to the prefeeding level at 300 min after feeding. This level was kept almost constant until the following feeding. The level of insulin in the mesenteric artery followed almost the same pattern as in the portal vein, but at a lower level. There was no dietary effect on the level of insulin in either the portal vein or mesenteric artery, but the level at both sampling points was strongly influenced P , 0´0001 by the time after feeding.
The portal concentration of LA varied between 0´8 and 2´3 mmol/l and the mesenteric concentration between 0´5 and 1´9 mmol/l with no significant difference between the diets but with a significant time effect P , 0´0001 (Fig. 3) . The daily amount of LA absorbed was 749 mmol for diet LF, 384 mmol for diet HFWB and Table 1 . Values are means for three pigs. In the portal vein, for diet P = 0´26, time P = 0´0001 and standard error of means = 0´70; in the mesenteric artery, for diet P = 0´60 and time P = 0´0001 and standard error of means = 0´42. Fig. 3 . Portal (X,B,O) and arterial (W, A, K) blood concentrations (mmol/l) of lactic acid following the intake of the low-fibre diet (X, W), and the two high-fibre diets with added wheat bran (B, A) or oat bran (O, K). For details of diets see Table 1 . Values are means for three pigs. In the portal vein, for diet P = 0´32 and time P = 0´0001 and standard error of means = 0´27; in the mesenteric artery, for diet P = 0´25 and time P = 0´0049 and standard error of means = 0´28. Fig. 2 . Net appearance of glucose in the portal vein (mmol/h) following the intake of the low-fibre diet (r), and the two high-fibre diets with added wheat bran (A) or oat bran (B). For details of diets see Table 1 . Values are means for three pigs. For diet P = 0´046 and time P = 0´0001 and standard error of means = 30´6.
582 mmol for diet HFOB P , 0´04 with 0´59±0´69 absorbed the first 4 h after feeding.
The concentration of SCFA in the portal vein varied from 0´6 to 0´8 mmol/l for diet LF, 0´5 to 0´8 mmol/l for diet HFWB and 0´6 to 1´0 mmol/l for diet HFOB (Fig. 4) . With all three diets the highest concentration was found from 300 to 480 min after feeding. The level in the mesenteric artery, however, was constantly about 0´3 mmol/l. After feeding diet LF, the molar ratio of SCFA in portal blood was 0´66 for acetate, 0´28 for propionate, 0´04 for butyrate and 0´02 for isobutyrate. The proportion in the portal blood was only slightly different when feeding diet HFWB, while with diet HFOB the molar ratio of the various SCFA was 0´60 for acetate, 0´31 for propionate, 0´07 for butyrate and 0´02 for isobutyrate P , 0´001X Proportions of SCFA in the arterial blood were very Fig. 4 . Portal (X, B, O) and arterial (W, A, K) blood concentrations (mmol/l) of short-chain fatty acids following the intake of the low-fibre diet (X, W), and the two high-fibre diets with added wheat bran (B, A) or oat bran (O, K). For details of diets see Table 1 . Values are means for three animals. In the portal vein, for diet P = 0´39 and time P = 0´010 and standard error of means = 0´09; in the mesenteric artery, for diet P = 0´82 and time P = 0´19 and standard error of means = 0´02. Diet  0´05  0´04  0´05  0´42  0´19  0´19  0´58  Pig  0´81  0´23  0´59  0´05  0´32  0´22  0´39  Week  0´10  0´32  0´11  0´06  0´45  0´40  0´41 LF, low-fibre diet; HFWB, high-fibre diet with wheat bran; HFOB, high-fibre diet with oat bran. * For details of diets see Table 1 . similar for all diets: acetate approximately 0´87; propionate 0´08; butyrate 0´02 and isobutyrate 0´02. The net absorption of SCFA was significantly influenced by the diet P 0´045Y while there was no effect of time after feeding (data not shown). For all three diets the lowest net absorption was found 2±3 h after feeding. The daily amount of SCFA absorbed varied from 720 mmol for diet LF to 891 mmol for diet HFOB with approximately 44 % being absorbed the first 4 h after feeding (Table 2) . These values can be compared with a calculated daily production based on disappearance of nutrients in the large intestine varying from approximately 640 mmol for diet LF to approximately 990 mmol for diet HFOB. While the amount of acetate was about the same (approximately 320 mmol/d) with all three diets, the absorption of propionate (458 mmol/d) and butyrate (101 mmol/d) were slightly higher with diet HFOB compared with the two other diets (propionate approximately 340 mmol/d; butyrate 46± 77 mmol/d) ( Table 2) .
Of total carbohydrate disappearing from the gastrointestinal tract, we recovered between 0´82 and 0´88 with the two high-fibre diets, while with diet LF the recovery was unexpectedly high (1´02; Table 3 ).
Discussion
The present study was designed to investigate the quantitative absorption of nutrients derived from carbohydrate assimilation in catheterised pigs that were fed cerealbased diets. The diets were provided as rolls with most of the carbohydrate provided as polysaccharides: diet LF had the highest content of starch and lowest content of NSP, while the two high-fibre diets had a lower level of starch and differed in the proportion between soluble and insoluble NSP. The level of resistant starch was not specifically measured, but based on results from another study with similar types of breads, we expect resistant starch to be about 5±7 g/kg DM (KE Bach Knudsen, unpublished results). Since the rolls were prepared from the same batches of raw materials, as used in a study with ileal cannulated pigs (Bach Knudsen & Canibe, 2000) , we assumed that the digestibility coefficients from the previous study could be used to calculate amount of carbohydrates and other nutrients degraded in the small and large intestine.
The values reported in the current study for blood-flow rate in the portal vein were in accordance with those in the studies of Ellis et al. (1995) and Lang et al. (1999b) , who also used ultrasonic flow probes to monitor portal bloodflow rate. In these two cited studies they determined the portal blood-flow rate to be 38´8 ml/min per kg live weight (Ellis et al. 1995) and 33´0±35´4 ml/min per kg live weight (Lang et al. 1999b) .
The results from the present study confirm previous results, which show that the supply of nutrients from polysaccharide-rich diets to the body takes place in two phases: a phase with rapid and high influxes of nutrients (absorptive phase) lasting 4±5 h, and a phase with low influx of nutrients (post-absorptive phase) lasting the remaining 3±4 h before the next meal (Giusi-Perier et al. 1989) . In the absorptive phase, glucose is clearly the dominating product derived from carbohydrate assimilation with levels that are 4±8 times higher than those of LA and SCFA. In the post-absorptive phase, however, LA and SCFA become increasingly important and the amount of LA and SCFA equal glucose the last 2 h before the next meal.
The rise in postprandial glucose concentration in both portal and arterial blood was rapid and comparable between the three diets. The responses compared well with what was seen for a semisynthetic diet studied by Ellis et al. (1995) , but more rapid than seen when viscous guar-gum was added to the diet (Ellis et al. 1995 ). Thus, although the level of soluble NSP was 5´5 times higher in diet HFOB, as compared with diet LF, we could not identify any effect on the rate of glucose absorption to the portal vein, presumably reflecting a relatively low solubilisation of mixed linked b-glucan from the intact cell walls and depolymerisation during passage through the fore gut (Johansen et al. 1997) . In this aspect, the soluble fibre in Table 3 . Carbohydrates disappearance (g/d) from the gastrointestinal tract and glucose, lactic acid and short-chain fatty acid appearance in the portal vein and recovery of carbohydrate equivalents in the portal vein following the intake of the low-fibre diet, and the two high-fibre diets with added wheat bran or oat bran* LMM, low molecular mass. * For details of diets see Table 1 . ² Glucose, lactic acid and short-chain fatty acids were converted to carbohydrate equivalents by the factors: glucose 0´9; lactic acid 0´9; short-chain fatty acids 1´587 (Cummings, 1993) .
oat bran, although characterised as a plant material with a high level of soluble fibre, did not have the same properties as identified in oat gum and other viscous polysaccharides (guar gum or pectins) that have been found to influence the rate of glucose absorption in studies with human subjects (Jenkins et al. 1978; Braaten et al. 1994 ) and catheterised pigs (Ellis et al. 1995 ). This in turn will influence the postprandial insulin level and the secretion of gastric inhibitory polypeptide (Ellis et al. 1995) . The rapid rise in postprandial glucose concentration in the portal vein and mesenteric artery is certainly also a consequence of the type of starch consumed and its processing. Cereals, in contrast to tuber and legume starches, have an open structure which enables easy access for the salivary and pancreatic a-amylases, and partly gelatinised cereal starches are usually rapidly and well digested in the small intestine of human subjects and monogastric animals (Englyst et al. 1992; Gallant et al. 1992; Lang et al. 1999b) . In quantitative terms, it is also noticeable that the net glucose absorption was virtually the same for all three diets in the first hour after feeding and constant for diet LF up to 3 h afterwards, while it starts to decline after the first hour for the two high-fibre diets. The reason for that could be that the rate-limiting step for starch assimilation, identified as either the hydrolysis rate of oligosaccharidases in duodenum (Re Ârat et al. 1984) or the final glucose transport into the depths of the enterocyte (Gray, 1992) , was reached during the first hour, and for diet LF 3 h after feeding. A contributing factor, however, could be the ileo-colonic break, as the passage of the ileal content immediately after feeding speeds up fermentation and SCFA generation in the large intestine. This may potentially inhibit gastric tone and thereby slow gastric emptying (Ropert et al. 1996) . For the entire 8 h period the recovery of glucose in the portal vein was 0´76±0´92, lower than found when measuring the digestibility at the terminal ileum (0´99) (Bach Knudsen & Canibe, 2000) , but much higher than when diets with resistant starch are fed (recovery 0´41±0´66) (van der Meulen et al. 1997) . The lower recovery of glucose in catheterised pigs as compared with ileal cannulated pigs is a consequence of the utilisation of glucose by the intestine. Although glutamine and to a lesser extent ketone bodies are the main metabolic fuels for the intestinal tissue (Vaugelade et al. 1994 ) some utilisation of glucose occurs (Vaugelade et al. 1994; Lang et al. 1999b) .
The relatively high proportion of LA absorbed during the first 4 h is in agreement with a study of Giusi-Perier et al. (1989) and supports the view that the main sites for LA production in pigs are the stomach and small intestine. The contribution of LA in man is probably lower and it can not be excluded that the values to some extent can be overestimated, as lactate in the portal vein can derive from glucose oxidation in the gut (Vaugelade et al. 1994) .
The main substrate for SCFA formation in the large intestine are various forms of carbohydrates (NSP, resistant starch and non-digestible oligosaccharides), but protein and endogenous sources may make a contribution (Cummings, 1993) . Using the information from the previous study with ileal cannulated pigs (Bach Knudsen & Canibe, 2000) we can estimate that the total SCFA production varies from about 640 mmol/d with diet LF to about 990 mmol/d with diet HFOB. The measured production was from 80 mmol/d higher (diet LF) to 100 mmol/d lower (diet HFOB). Since the arterio-venous difference method does not measure the total absorption, but only the net influx of SCFA, we would have expected the measured absorption to be consistently lower than the estimated production due to oxidation of SCFA (Roediger, 1980; Darcy-Vrillon et al. 1993) in the gut wall. A similarly higher than expected absorption was also found by Giusi-Perier et al. (1989) and could be due to contribution of SCFA from the production in the foregut and endogenous materials from the small and large intestine. However, neither the contribution of endogenous material to fermentation nor the oxidation within the epithelial cells can be assessed with any degree of certainty from the present data.
It has been suggested from in vivo experiments with rats fed propionate-supplemented diets (Chen et al. 1984; Illman et al. 1988) and in vitro data (Wright et al. 1990 ) that the cholesterol-lowering properties of oat bran could be associated with an increased production of propionate, which is found to moderate the hepatic metabolism. In the present study we found a higher proportion and an increased, although not significant, absorption of propionate when feeding diet HFOB as compared with diets LF and HFWB. Although propionate and butyrate are efficiently cleared after passing through the liver, it is questionable whether the higher concentration in the portal vein (about 0´1 mmol/l) is sufficient to alter the hepatic metabolism. For comparison it can be mentioned that effects under in vitro conditions have not been achieved below a concentration of 1 mmol/l (Wright et al. 1990) .
The proportion of butyrate in the portal vein was higher when feeding diet HFOB than when feeding the wheatbased diets. This agreed with other observations with pigs and human subjects. When pigs were fed oat-bran-based diets a consistently higher proportion of butyrate was found in colon contents relative to wheat-based diets (Bach Knudsen et al. 1991 , 1993 . In a study where pigs were fed a control diet and then diets supplemented with wheat bran, oat bran or baked beans, a higher proportion of butyrate was found in the portal vein when feeding wheat and oat bran as compared with baked beans (Topping et al. 1993) . Similarly, in vitro fermentation of oat bran with human inocula (McBurney & Thompson, 1987) and in vitro fermentation of ileal effluents from pigs after feeding diet HFOB (Christensen et al. 1999 ) yielded relatively high levels of butyrate. Thus, oat bran seems to stimulate butyrate formation, which may have health implications as butyrate is considered an important fuel for the epithelial cells of the large intestine of man and monogastric animals (Roediger, 1980; Darcy-Vrillon et al. 1993) and has the ability to modify the metabolism in colonocytes and the risk of degenerative or proliferative diseases of ageing (Smith et al. 1998) .
In conclusion, the results of the present study showed that nutrients derived from carbohydrate assimilation varied in accordance with the dietary levels of starch and dietary fibre, while there was no dietary effect on the postprandial levels of glucose, insulin, LA or SCFA in the portal vein. Further, the higher molar proportion of butyrate in the portal vein suggests that oat bran stimulates butyrate formation.
